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THE SPECIFIC TREATMENT OF
TYPHOID FEVER.*

By William Royal Stokes, M.D., Sc.D.,
AND

H. W. Maldeis, M.D., Baltimore, Md.
[From the Departments of Medicine and Pathology of
the University of Maryland School of Medicine and
College of Physicians and Surgeons, Baltimore, Md.]

The first attempt to establish a specific ther-
apy for typhoid fever was made by E. FraenkeP
in 1893. He treated 57 cases with intramuscu-
lar injections of killed thymus bouillon cultures
of the typhoid bacillus. He began with a dose
of 0.5 of a c.c., followed by 1 c.c. in 24 hours.
These injections often caused a marked drop
in the temperature but in two days the tem-
perature often rose again, and an injection of
2 c.c. was often necessary to cause a second and
permanent drop which soon reached normal.
The treatment also caused a distinct change in
the general condition, the diarrhea ceased, and
apyrexia usually was attained in from 14 to
16 days.

In 1902 Petruschy2 used small doses of dead
typhoid organisms combined with typhoid im-
mune serum. He began with a dose of 0.05

* Read before the Research Club of Baltimore.

c.c. and using two injections daily for three
days he ended with an injection of 0.3 c.c. He
noted marked improvement in his cases, but
gives no details concerning the number treated
or the results obtained.

In 1908 Tescarolo and Quadrone8 treated 20
cases of typhoid fever with living attenuated
typhoid bacilli. These injections produced se-

vere reactions but they reported favorable re-

sults. In 1909 Watters and Eaton* treated 30
cases with typhoid vaccine, and in the same

year Smallman5 treated 36 cases in the Indian
army with favorable results.

During 1911 and 1912 a fair number of in-
vestigators reported the use of typhoid vaccine
in the treatment of typhoid fever, and Callison"
in the latter year reported a series of cases in-
cluding 38 cases treated by himself. He used
500,000,000 and increased 100,000,000 at four-
day intervals as long as required. His results
in the main were favorable, and in a number
of cases he obtained an early remission of the
temperature and a rapid return to normal.

In 423 cases obtained from literature he
found a mortality of 5.4% and 6.5% of re-

lapses.
In March, 1915, Krumbhaar and Richard-

son' published a study of over 1800 cases in
which typhoid vaccine had been used for the
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treatment of typhoid fever by about 40 observ-
ers, and they include in this description 93
cases which were treated by them or their as-
sociates. Their first series; of 14 eases were
treated with a stock typho-bacterin and the
total dosage varied between 50,000,000 to
1,650,000,000 in from one to five doses, the av-

erage doses being 926,000,000 per patient. In
the second series of 33 cases the vaccine was
made from the Rawlings strain, the total doses
varying between 200,000,000 and 1,450,000,000
bacteria per c.c. in from one to three doses.
In their third series, of 16 cases the total dosage
ranged between 850,000,000 and 3,350,000,000
in from one to five doses, the average per pa-
tient being 1,640,000,000. In this entire series
the percentage of deaths was 7.5, of relapses
5.3, and of complications 18.2. In 170 mild
eases of typhoid not given vaccine during the
same time there were 14 deaths, 16 relapses,
and 18 complications, showing respectively a

percentage of 8.02, 9.2, and 10.6 for the deaths,
relapses, and complications in the untreated
cases.

Three deaths in the first series of cases were

due to complications of meningitis in one ease

and perforation in two cases. Two deaths in
the second series of cases were due to compli-
cating pneumonia. The authors seem to think
that these deaths put the cases beyond the in-
fluence of the vaccine, but as all statistics in
untreated cases are based upon deaths from
complications as well as the straight disease,
it would hardly seem fair to reduce their per-
centage by omitting these cases.

Even including these cases the mortality was
reduced to 7.5% as compared to the generally ac-

knowledged mortality of about 10% in cases not
treated by vaccine.

The only way to gain a correct idea of the
results of any specific treatment in typhoid
fever is to study a large number of treated
cases, and Krumbhaar and Richardson have
made a compilation of 1806 cases. The
individual dose varied .from 10,000.000 to
1,500,000,000 bacteria per c.c. but the average
dose in a large percentage of cases seemed to
be about 500,000,000. Two observers who
treated only 39 of the total number of cases
did not observe the difference between treated
and untreated cases, but in the other 95% of
cases treated the results were reported as dis-
tinctly favorable. In the total number oi
1806 cases there were 99 deaths, a percentage

of 5.4, and this contrasts favorably with the
10% for untreated cases. There were 88 re-

lapses, a percentage of 4.8, and this percentage
compares favorably with the 8.8 percentage of
relapses given by Osier from a study of 28,057
collected cases.

An analysis of the various cases treated by
Krumbhaar and Richardson also shows a num-

ber of interesting results. In the first series
five cases treated before the tenth day dropped
to normal in nine, eleven, fifteen, seventeen and
seventeen days, and in the second series a few
cases treated early in the disease showed a re-

turn to normal in from fifteen to seventeen
days. Most of this series were treated later
in the disease and but few favorable results
were obtained. In the third series of cases

large doses were given early in the disease. In
several cases in which initial doses of
250,000,000 to 300,000,000 were given, followed
by 500,000,000, 600,000,000, 700,000,000 800,-
000,000, and 1,000,000,000 doses, usually with
three or four injections to each case, the tem-
perature reached normal in from 14 to 19 days,
the first dose being administered on the sixth
to the fourteenth, day of the disease.

DOSAGE.

The best rule of dosage would seem to be
that adopted by the above mentioned authors.
They recommend for an adult an initial subcu-
taneous dose of 500,000,000 to be followed by
two or more larger doses at three-day inter-
vals. • The unit for dosage is 150 pounds, and
children should be given proportionate doses
according to their weight. The treatment
should not be used in moribund or late very
toxic cases, or during hemorrhage or suspected
perforation.

As a general rule the larger the dose the
better ^the results obtained. When only from
1,000,000 to 2,000,000 bacteria were used there
were 14 deaths in 92 cases, whereas from one

to three doses of 1,000,000,000 to 1,500,000,000
there was only one death in 42 cases. It is
important to institute the treatment early in
the disease, as MacArthur8 in his 63 treated
cases got 3.1% of deaths, 3.1% of relapses, and
7.9% of complications, all occurring, however,
in the 29 cases vaccinated in the unfavorable
stage after the tenth day.

In spite of the general opinion that large
doses are necessarv for good results Petrovitch9
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reported a reduction of the mortality of 460
treated cases to 3.2% as compared with an 8%
fatality of 220 unvaecinated cases. He used
from one to three doses of only 20,000,000 bac-
teria per c.c.

Homer'10 treated 40 cases of typhoid fever
with vaccine and compared these with 95 cases
in which vaccine was not used for the treatment.
The initial dose was 10,000,000 and this was
increased daily by 10,000,000 for one week;
then on alternate days a 20,000,000 increase was
used until the temperature remained normal
for three days or the patient had received
700,000,000 dead typhoid bacilli. The inocula-
tions were subcutaneous and produced no sys-
temic reaction. The mortality was 10% for
the vaccinated cases and 11.5% for the unvae-
cinated cases, and complications occurred in
55% of vaccinated cases and 50% of unvae-
cinated cases. In the uncomplicated vaccinated
cases the fever lasted 24.39 days and in the
unvaecinated cases 23.08 days. Relapses oc-
curred in 20% of the vaccinated cases and
11.5% of the unvaecinated cases, and hemor-
rhage, perforation, and pneumonia occurred in
7.5%, 2.5%, and 10.25% respectively of the
vaccinated cases as compared to 2.15%, 1.05%,
and 4.15% of the unvaecinated cases. The re-

sults, therefore, in the vaccinated cases as com-

pared to the unvaecinated cases are entirely
negative as regards any favorable influence
over the disease, but these results may be par-
tially due to the failure to use larger doses, as
little is known of the effect of small doses even

though frequently repeated.
Waiters11 has reported upon the treatment

with typhoid vaccine of 158 cases of typhoid
fever; eight of these were "in extremis," and
discarding these deaths the mortality was only
4.7% as compared to 13% in a, parallel series
of 100 cases not receiving vaccine. This au-

thor used 25,000,000 bacteria as a subcutaneous
injection and repeated it every two or four
days. He states, however, that much smaller
doses such as from 1,000,000 to 2.000,000 bac-
teria at times transferred critical cases into-
convalescents. He has also collected the results
from 1120 cases of typhoid fever treated by
104 different men. In these cases there were

67 deaths but he believes that ten of these
deaths should be excluded from consideration
as they were "in extremis" when treated. This
leaves a total mortality of 57 or a percentage
of five. The general consensus of opinion

more rapid defervescence of fever, the attack
was of shorter duration as compared to unvac-

amongst these authors seems to be that the per-
centage of relapses was decreased, there was a

cinated cases, the general condition of the pa-
tient was improved, and the mortality was re-

duced. The usual doses given by these authors
seemed to begin with either 250,000,000 or

500,000,000, and to be gradually increased to

1,000,000,000. A small number of the authors,
however, gave much smaller doses, ranging
anywhere from 10,000,000 to 100,000,000 bac-
teria per dose. This author emphasizes the
point that an early diagnosis is most important
and should be made by blood cultures, as the
earlier the treatment the more favorable the
results of treatment.

Garbat12 treated 17 eases of typhoid fever
with a sensitized vaccine by subcutaneous in-
oculations and found that the temperature sub-
sided acutely in two cases and that the other
patients ran a milder course than might be ex-

pected, the duration of the disease being
shortened.

Beginning with the year 1913 the treatment
of typhoid fever by vaccine has been modified
in three distinct ways. A number of observers
have given living sensitized typhoid cultures
subcutaneously according to the method orig-
inally suggested by Besredka13 in 1892. Others
have given unsensitized killed typhoid cultures
intravenously, generally using Vincent's poly-
valent, ether-killed autolysate, and a third set
have administered sensitized living or killed
cultures intravenously. The results of these
various kinds of treatment have been summar-

ized by Gay and Checkering14 in the following
table :

Table 1.
Summary op Recent Cases or Typhoid Fever Re-

ported as Treated by Newer Methods of
Vaccine Treatment.

< 2¡ cao. Sa.
1 Oases treated by subcutan-

eous injection of sensitized
vaccine. 11 253 57.0f 7.1

2 Cases treated by intravenous
injection of untreated vac-
cine. 14 259 63.0 19.0*

3 Cases treated by intravenous
injection of sensitized vac-
cine. 8 207 81.8 9.6
* Due in part to inclusion of a large number of war cases of

Paulicek, where delayed transportation from the front increased
mortality.

t Of 201 eases.
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The results as expressed in the above table
show a perceptible benefit in all of the methods
used but with little influence on the fatality,

' but the best results were obtained by the in-
travenous injection of the sensitized living or
killed cultures of the typhoid bacillus.

Ichikawa15 has reported the treatment of 87
eases of typhoid fever by intravenous injection
of a sensitized vaccine. This treatment re-
sulted in an immediate and permanent recov-

ery in about half of the cases and considerable
improvement in others. The mortality was re-
duced to about one-half.

Gay and Chickering have also treated a num-

ber of typhoid cases themselves by means of
the sensitized killed cultures, and their vaccine
is made by obtaining a ground sediment of a

polyvalent culture of typhoid bacilli which has
been sensitized by an antityphoid serum. The
cultures are then killed and precipitated by al-
cohol. These authors claim that the endotoxins
are abstracted by using a carbolated saline solu-
tion and the remaining ' sediment of the bodies
of the typhoid bacilli are alone used. They
claim that such a vaccine gives better results
in protecting rabbits against injection with the
typhoid bacillus than other types of vaccine
employed, and in its prophylactic use in man

it produces less symptomatic disturbance and is
more protective against typhoid fever than
other types of commercial vaccine.

This sensitized typhoid vaccine is given in-
travenously for therapeutic purposes in doses
ranging from 1/100 to 1/10 of a milligram.
Most of the doses which were given ranged
between 1/50 and 1/25 of a milligram, which
would represent respectively 150,000,000 and
300,000,000 bacteria. Such doses when given
intravenously produce a reaction which differs
in intensity in different individuals, and when
the upper range of doses is given they speak of
their provoking alarming symptoms in the more

susceptible individuals, although no eventual or

temporary harm seems to have been done to the
patient. They think it better to produce a

moderate reaction to bring about the desired
results. The average reaction consisted in a

chill beginning an hour after the injection,
lasting 15 minutes; the temperature rises Io
to 3° within three hours and then falls, and
there is a leukopenia as low as 2000 to 3000
per cubic millimeter. The pulse rate is in-
creased to about 120 and slight cyanosis and
respiratory distress and discomfort may oc-

cur. The fall in temperature after three hours
is accompanied by profuse sweating, relaxation
and usually general amelioration of the typhoid
symptoms such as headache and delirium. The
patient often feels quite well and demands food,
and at this time there is a rise in leucocytes of
from 15,000 to 40,000 per cubic millimeter and
a relative increase of the polymorphonuclear
leucocytes to from 80 to 90%. The hyperleu-
cocytosis is a characteristic reaction.

The unfavorable results with this method
which have been reported have been based on

the use of a vaccine more toxic, than the au-

thors' and those who have reported such results
do not mention any direct action of the vaccine
in producing the ultimate fatal result. The
danger of intravenous injection seems to lie in
the use of large doses, and Gay and Chickering
do not consider that their doses have produced
any untoward results. The contraindications,
according to the various authors who have used
the intravenous method, are hemorrhage, per-
foration, cholecystitis, pregnancy, and irregular
heart action. The best results seem to be ob-
tained by provoking a distinct, but not too se-

vere reaction, characterized particularly by an

excursion of the temperature and a hyperleu-
coeytosis. A single injection may be all that
is necessary, but as a rule a second injection
may be necessary two or three days later before
the temperature returns permanently to nor-

mal.
These authors treated 53 cases of typhoid

fever and in all of these cases a diagnosis was

made either by a Widal reaction, blood cultures
or cultures from the feces. They divide their
results into three groups, and the first group
was relatively unaffected by the treatment. This
consisted in 18 or 34% of the cases. The 13
cases of group 2, or 24% of the series, showed
more or less benefit, a defervescence occurring
by lysis following the various injections of vac-

cine. The duration of the disease was short-
ened and the course markedly ameliorated. In
group 3 there were 22 eases, or 41% of the
series, and in these cases an injection of the
vaccine resulted in a more or less critical fall
of temperature which followed the injection
with the vaccine. Although the result of the
treatment was favorable in many of the cases,
the mortality was not markedly affected, since
there were five fatal cases, giving a mortality
of a little over 9%. In three of the fatal cases

there was hemorrhage, two of which also were
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followed by perforation. One of the other fatal
eases was not treated until the twenty-first day
and typhoid toxemia caused the death of the
remaining case. There was no marked change
in the number of relapses, since they also had
five relapses, or about 5%.

SPECIFICITY OP THE TREATMENT.

These authors attribute the results to the
hyperleucocytosis which is produced by the in-
jection, and they also make mention of the in-
crease of the antibodies, but do not venture a

suggestion as to which of these antibodies is
increased. It is impossible at this time to draw
any final conclusions as to how the vaccine
treatment of typhoid fever produces its bene-
ficial results, as practically no work has been
done in analyzing the time of appearance and
the marked increase of the antibodies after
these vaccine injections of typhoid fever.
Stoner10 has shown that the subcutaneous in-
jection of sensitized typhoid vaccine will pro-
duce an increase in the opsonins, the bacteri-
olysins, and the agglutinins in normal persons,
and Hachtel and Stoner17 have shown in rab-
bits that inoculations of vaccine will produce
a fair increase of antibodies two or three days
after the first injection. Shoemaker18 and Rus-
sell13 found that the injection of typhoid vac-

cine caused an increase in the agglutinative
titer to a dilution of from 1-10,000 to 1-20,000
as compared to about 1-10 before the injection
of the vaccine. Russell20 also found an in-
crease in the opsonic power of the blood serum
after typhoid inoculation. Wollstein21 in study-
ing the results of typhoid vaccine in 24 persons
found that the titer of the baeteriolysins usu-

ally rose from 1-2500 to 1-10,000 after the first
dose, from 1-5,000 to 1-20,000 after the second
dose, and remained there or even reached 1-
40,000, exceptionally 1-80,000, after the third
inoculation. It may be that the vaccine stimu-
lates all of the antibodies so that they are

formed in cases quickly enough to shorten the
disease by quickly destroying large numbers
of the typhoid bacilli in the blood and tissues.

The work of Buxton,22 however, casts some
doubt upon the increase of baeteriolysins and
opsonins having any direct effect in the de-
struction of the typhoid bacillus in the undi-
luted blood. This investigator has shown that
the undiluted serum of normal rabbits will

often destroy large numbers of typhoid bacilli,
while the undiluted serum of rabbits immun-
ized against the typhoid bacillus will not de-
stroy this organism. One cubic centimeter of
the undiluted normal serum usually killed
about 10,000,000 typhoid bacilli. The immune
serum was obtained by injecting rabbits with
typhoid bacilli every ninth day and testing the
bacteriolytic power on the seventh day after
each inoculation. Such serum failed to kill ty-
phoid bacilli after the rabbits had received two
or more injections. These experiments show,
therefore, that the undiluted serum of slightly
immunized rabbits will kill the typhoid bacil-
lus but if the rabbits are more highly immun-
ized this effect is not produced.

Teague and McWilliams23 have continued this
work in order to study the influence of the in-
travenous injections of killed typhoid bacilli
upon the bactericidal power of the serum of
both slightly and highly immunized rabbits.
They have also studied the bactericidal power
of normal rabbit serum and of normal rabbits
who had received one intravenous injection of
iyphoid bacilli. When normal rabbit serum was

used 16, or nearly half of these sera, killed a

million or more typhoid bacilli per cubic cen-

timeter; six killed between 100,000 and 1,000,-
000 per c.c. and three specimens killed less
than 10,000 per c.c, two yielding doubtful re-

sults.
In a second series of experiments the bacteri-

olytic effect of the serum upon normal rabbits
that had received an intravenous injection of
typhoid bacilli they studied this effect both be-
fore and after the injection of live or dead
bacilli. The doses of typhoid bacilli varied be-
tween 15,000,000 and 1,000,000,000, but approx-
imately the same number of typhoid bacilli
were killed by the serum withdrawn after the
injection of the organisms as by the serum be-
fore the animal was injected. The number of
bacilli killed varied from 40,000,000 to 5,500
bacteria per cubic centimeter.

The third set of experiments was made to
study the influence of the intravenous injec-
tion of typhoid bacilli upon the bactericidal
property of typhoid immune rabbit serum, the
animals having previously received from one

to seven injections of dead typhoid bacilli. This
injection slightly increased the bacteriolytic
power of the immune rabbit serum if from one
to two previous injections of typhoid bacilli
had been given, but the inhibitory power re-
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mained the same both before and after injec-
tion. After the rabbits had received three or

more injections their serum destroyed about
the same number of bacilli both before and
after the injections but did not later inhibit
even the smallest dose of typhoid bacilli.

These authors conclude that "the titer of an

immune serum as determined by the usual di-
lution method with the addition of comple-
ment is not an indication of the bactericidal
power of the blood plasma in vivo" and that
"the bacteriolytic power of normal and highly
immune antityphoid rabbit serum is neither in-
creased nor decreased by the intravenous injec-
tion of a large dose of typhoid bacilli; the
serum of a rabbit that has received only one
or two immunizing injections shows a distinct
but not a great increase in its bactericidal
power at 5- and 24-hour intervals after such
an injection."

In a further investigation24 these same au-
thors undertook a series of experiments in order
to explain the reason for the rapid drop in
temperature and the cessation in the typhoid
toxemia within 24 hours after the patients had
received a large intravenous injection of ty-
phoid vaccine. Rabbits were used and large
doses of typhoid vaccine were injected intra-
venously in one set of animals and a second
set of equal number were used as a control.
Twenty-four hours later the vaccinated rabbits
and the control rabbits were each injected with
1 c.c. of the same suspension of living typhoid
bacilli. The intravenous injection of suitable
doses of this vaccine enabled these rabbits to
withstand a dose of living typhoid bacilli that
proved fatal to the normal rabbits. This could
not be explained by a greater increase in the
antibodies, since these do not appear until four
or five days after the injection of vaccine. The
authors thought that the results resembled those
which occur in many typhoid fever patients
after an intravenous injection of typhoid vac-

cine, the reaction by crisis in both cases occur-

ring usually about twenty-four hours after the
injection of the vaccine, this result following an
earlier rapid and often extremely high rise in
temperature. The result is also not due to any
increase in the bacteriolytic power of the nor-

mal rabbit serum, since their previous experi-
ments show that such injections do not produce
this effect. It is also not due to the increase
in the leucocytes in the peripheral blood.

In order to investigate this subject further
they obtained a number of sera from normal
individuals and also from typhoid patients and
endeavored to find out whether the serum of
typhoid patients would kill more typhoid bacilli
than that of healthy persons. They thought
that both kinds of serum destroyed about the
same number of organisms, this number vary-
ing between 1,000,000 per c.c. and 100,000,000.

In a final résumé of this subject the authors
have reviewed the various theories as to the
character of typhoid fever and also have en-
deavored to explain the mechanism of the im-
munity caused by this disease. The first theory
that typhoid fever is a primary septicemia and
that the bacteria pass from some point in the
intestinal tract directly into the blood and from
thence into the lymph glands and lymphatic
apparatus of the intestines is denied by these
authors. They and other experimenters have
shown that the typhoid bacillus cannot multiply
in the blood serum of normal persons. The sec-

ond theory is that typhoid fever is a primary
infection of the intestinal follicles. The lymph
glands are next invaded and typhoid bacilli
finally enter the blood stream, where they
multiply, causing a secondary septicemia. This
is also denied, since the blood serum of typhoid
fever patients has usually a very high bacteri-
cidal power. The third theory is that in ty-
phoid fever the bacillus finds its way from the
alimentary tract to the lymphatic system in-
cluding the spleen. It develops in this system
and occasionally the bacilli overflow into the
blood from the lymph organs but do not multi-
ply in the blood. The presence of a small num-
ber of typhoid bacilli in the blood during ty-
phoid fever is suggested by the large amounts
of blood (10 to 20 c.c.) needed in order to
cultivate the organism in fluid media. Typhoid
bacilli in the circulation of guinea pigs are

also protected against the bacteriolytic serum

by their ingestion into leucocytes and a few
typhoid bacilli might also remain alive for a

short time in the bacteriolytic serum, since it
usually requires half an hour or more to com-

pletely destroy these bacilli. The real symp-
toms of typhoid fever may not be caused by
the presence of a few bacteria in the circula-
tion or by the extent of the local inflammatory
disturbance in the intestine, but it is suggested
by Adami that they may be derived from the
toxic products of the typhoid bacillus either
free in the blood stream or discharged from
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the spleen, mesenteric glands and other local
lesions.

Teague and McWilliams believe that typhoid
fever is such a local infection of the lymphatic
system and having accepted this idea of the
disease they then review the points of other
workers concerning the mechanism of typhoid
immunity and end with their own explanation
of this phenomenon. They do not believe that
the hyperleucocytosis produced by the intraven-
nous injection of typhoid vaccine is the ex-

planation of the artificial immunity because the
blood serum itself even without the assistance
of the leucocytes is able to destroy most of the
bacilli that may enter the blood. It is not due
to paralysis of the heat center nor to a rapid
mobilization of antibodies. The serum of ty-
phoid patients is always strongly bacteriolytic,
and the slight increase in the bacteriolytic an-

tibodies induced by large doses of typhoid vac-

cine would not cause a very great change for
the better in the condition of the patient. The
stimulation of the non-specific ferments pro-
ducing an increase in the protease and lipase
of the serum has been offered as an explanation
for the cure of typhoid fever patients, since
the protease might produce a more rapid split-
ting of the toxin protein fragments of the ty-
phoid bacillus to the lower non-toxic forms,
while an increase in the lipolytic ferments
might destroy the typhoid bacillus. This the-
ory will need more experimental work before
iits acceptance.

It has also been thought that the violent re-

action following the intravenous injection of
typhoid vaccine may produce a condition of
antianaphylaxis with regard to the typhoid
-proteins. Since the use of colon vaccine seems

io cure typhoid patients in the same way as

typhoid vaccine the reaction would not seem

to be an anaphylactic one since it is not
specific. The bacilli might continue to mul-
tiply in the local lesions and finally resensi-
tize the patient so that the theory of antiana-
phylaxis is not accepted by these authors. Their
own explanation of the immunity in typhoid
fever produced by the intravenous injection of
large doses of typhoid fever is as follows:

"We believe that typhoid fever is a local
disease and not a septicemia : therefore the
curative process must take place at the site of
the local lesions. Hughes and Carlson25 and
Becht and Greer26 showed that in both normal
and immune animals the antibody concentration

is greater in the blood serum than in the thor-
acic lymph. We have seen that in almost all
cases of typhoid fever the serum is strongly
bacteriolytic for typhoid bacilli throughout the
disease; it would seem that the bacteria mul-
tiply in certain tissues because the tissue fluid
or lymph does not possess this property.
If the intravenous injection of vaccine should
cause a more active passage of bacteriolytic
substances from the blood capillaries into the
lymph the destruction of the typhoid bacilli and
healing of the local lesions should be effected.
This is the hypothesis we wish to suggest.

This explanation might also explain the sur-

vival of the treated rabbits in the preceding
article.27 The serum of normal rabbits is usu-

ally strongly bacteriolytie, for typhoid bacilli :

the intravenous injection of the large dose of
vaccine probably causes more of the bacteri-
olytic substances to pass from the blood capil-
laries into the lymph, so that on the following
day the bacteria lodging in the spleen and liver
find conditions unfavorable for growth."

NON-SPECIFIC TREATMENT.

It has been suggested that other factors may
be concerned in the immunity against the ty-
phoid bacillus, and this theory of immunity has
been the outcome of the treatment of typhoid
fever by certain non-specific substances.

This non-specific vaccine treatment of typhoid
fever was first extensively carried out by
Rumpf28 at about the same time that Fraenkel
started his specific treatment. He used thymus
bouillon cultures of the Bacillus pyocyaneus
beginning with a dose of 0.5 c.c. every other
day for two doses, and then a dose of 1 c.c. was

given after 48 hours. These injections often
were sufficient to produce a permanent remis-
sion and apyrexia but occasionally 2, 4, and 6
c.c. were given at 48 hour intervals before a

satisfactory result was obtained.
This non-specific immunity has been recently

studied by Jobling and Peterson29 who first
point out that the bacteriolytic and agglutinin
titer may not be the all important factors in the
recovery from typhoid fever. These authors in
trying to explain the practical abortion of the
disease claim that this is non-specific, as no im-
mediate changes in the antibody concentration
in the patient takes place.

They suggest that the non-specific ferments of
the body are stimulated and cause the destruc-
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tion of the toxins and invading organisms. An
increase in the protease might split up the toxic
protein fragments and leave lower non-toxic
forms. In addition an increase in the lipolytic
ferments might destroy the organisms them-
selves by dissolving their lipoprotein surface.

Jobling and Peterson30 in experimenting on a

dog gave an intravenous injection of 10 milli-
grams of dried typhoid bacilli and noted that
the serum protease increased from 0.11 to 0.6
milligrams per cubic centimeter. The lipase
titer also increased from 1 c.c. hundredth nor-

mal sodium hydroxide to 7 c.c. per cubic centi-
meter of serum. This result seemed to indicate
that these substances may play a part in the
destruction of the organism in the blood.

These observers also suggest that as the crude

typhoid vaccine may do harm by acting on a

weak heart or increasing peristalsis, that some

split product of the bacterial protein which is
non-toxic should be used. The protoalbumose
fraction is very toxic, but the secondary pro-
teoses are not toxic. Ludke81 and the authors
have already obtained favorable results by the
use of this non-toxic proteose, and the outcome
seems favorable.

The former author obtained favorable results
in typhoid fever by the intravenous injection
of .001 c.c. of killed cultures of the Bacillus coli
and artificially obtained deutero-albumose. The
dose of the Merck's deutero-albumose was 1 c.c.

of either a 2% or 4% solution. Twenty-two
cases were treated and seven of these showed
a critical fall of temperature soon after the in-
jections. Three cases showed a gradual reduc-
tion of temperature that fell to normal in from
5 to 11 days; 3 cases showed no effect. A fa-
vorable influence upon the typhoid process,
therefore, was obtained in 19 out of 22 cases.

The titer of the agglutination curve was not
affected by the treatment.

Jobling and Peterson32 injected a patient on

the seventh day with 2 c.c. of a 2% solution of
a secondary proteose and on the ninth day with
a 4% solution. There was a drop of temper-
ature after the first injection and a permanent
remission to normal after the second injection.
The lipase titer of the serum increased from 0.6
of a c.c. hundredth normal sodium hydroxide to
1.9 c.c. and the protease became positive after
the first injection. The proteoses in the serum

increased from 0.1 mg. (nitrogen) per 5 c.c. of
serum to 0.24 mg. in 3 days.

RECENT WORK.

The various army surgeons of the Eastern
front during the world's war have used typhoid
vaccine with favorable results. Biedl, Eggerth
and Paltauf33 treated 43 eases of typhoid fever
by intravenous injection of from 0.5 to 1 cubic
centimeter of Besredka's sensitized living ty-
phoid bacillus. In all of these cases after a pre-
liminary rise of temperature the temperature
reached normal in from 12 to 24 hours. This
condition was lasting in all but three cases

which later showed rises of temperature due u>

such complications as endocarditis, purulent
parotitis, and suppurative periostitis. In these
cases the injections were made from the seventh
to the sixteenth day of the disease.

V. Korányi34 used the Ichikawa vaccine upon
29 cases of typhoid fever. Five of his cases re-

ceived doses ranging from 0.3 to 0.7 or 0.8 of a

cubic centimeter, and as the former dose was

considered too small and the latter two doses
too large he excluded these cases from his
study. The other 24 received from 0.4 to 0.5
of a cubic centimeter of the vaccine. The
method of administration is not mentioned but
it is presumed that the vaccine was given by
intravenous injection, as this was the method
recommended by Ichikawa, None of these 24
cases died, and the reaction following the
vaccine followed four distinct courses. Soon
after the injection the usual chill and rise of
temperature took place and no symptoms of col-
lapse were noted. Seven of these cases exhib-
ited a fall of temperature to normal by a crisis :

three showed a fall of temperature to normal
by lysis within a few days; seven showed dis-
tinct betterment after treatment but no distinct
change in the duration of the disease, and seven

cases were not influenced by the treatment.
Goldscheider and Aust35 made quite an ex-

tensive study of the results following the in-
jection of 57 cases of typhoid. They began with
doses of 250,000.000 typhoid bacilli but later
used doses of 500,000,000 and 750,000,000 or-

ganisms. In 52 cases which were treated with
250,000,000 bacilli or by 500,000,000 bacilli the
results were as follows: The cases treated by
the former method showed a rapid fall of the
temperature to normal or a more gradual remis-
sion of the fever in 72.9% of cases, while when
the latter dose was used these effects were noted
in 62.9% of cases. With the former method of
dosage 27% of cases showed no results, while
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with the latter dosage 37% of cases were with-
out beneficial results. Five cases were treated
with 750,000,000 typhoid bacilli and four
showed rapid decline of temperature to normal,
while one showed a lower remission with an evi-
dent shortening of the disease. Subcutaneous
injections were given, and in a few cases second
doses at the end of a week were administered,
and these seemed at times to increase the favor-
able effect of the first dose. This article con-
tains a very complete analysis of the results of
this subject.

Csernel and Márton36 regard the sensitized
vaccine of Besredka as dangerous and have pro-
duced a vaccine by washing ten or fifteen agar
plates of the typhoid bacillus and incubating
for 24 hours. They then wash off the growth
in 0.9% salt solution, count the number of bac-
teria with the blood counter and preserve with
x/i% carbolic acid. They dilute the suspension
so that one cubic centimeter contains 15,000,000
bacteria, and they injected this polyvalent vac-

cine intravenously in doses of Yi, % and 1
cubic centimeter. These injections were fol-
lowed by the usual chill and rise of temper-
ature, followed by a fall of temperature by
crisis in three cases. In five cases after the fall
of temperature the fever rose for a few day3
but then fell again to normal. In one severe
case the temperature fell gradually by lysis. In
one case the first vaccination showed no effect
but a second dose four days later produced a

gradual decline of fever. In five cases there
was a shortening of the period of fever. In
three eases the patients were free from fever
for three days but the temperature then rose

and then gradually fell to normal, showing a

shortening of the period of fever. One case de-
veloped pneumonia and one died from intestinal

* perforation. These authors conclude that the
intravenous injection of this vaccine at times
produces a critical fall of temperature and at
other times produces a strong oscillation of the
continued fever and modifies the intensity of
the disease.

Mazza37 reports the results of several other
observers in the use of typhoid vaccine in the
treatment of typhoid fever and mentions the
work of Arden-Delteil, Négri, and Reynaud,38
who used the sensitized Besredka vaccine in 37
cases, with a mortality of 8.3%. Netter using
the same vaccine had a mortality of 7.1% in 18
cases and reduced the average duration of the
disease from 21 in untreated cases to 14 in

treated cases. Von Petrovich40 used the Wright
vaccine in 220 cases in Serbia during the war

and had a mortality of only 2.9%, while those
who were not treated showed a mortality of
12.8%. Weil41 treated 14 children with the
ether-killed Vincent vaccine with a mortality
of 0.0% and Variot42 treated 69 children with
this preparation with brilliant results and dem-
onstrated its lack of danger.

F. Torres48 used the vaccine of Chantemesse
by the intravenous method in six cases in which
three died and three showed a gradual fall of
temperature followed by a permanent afebrile
condition. Dessy, Grappiolo and Fossati44 used
a polyvalent vaccine made according to the
method of Lustig in which the protein was ab-
stracted by alkali in which one cubic centimeter
of the preparation represented 0.001 of a cubic
centimeter of the fresh bacterial suspension cor-

responding to about 500,000,000 bacteria. They
injected 1/5 of a cubic centimeter subcutane-
ously and after one to three days from 1 to 2
cubic centimeters intravenously. The five cases
treated showed favorable results. The subcu-
taneous doses comprised 200,000,000 bacteria
given at 12-hour intervals for three injections,
250,000,000 to 300,000,000 given in three days
at 5-day intervals, and 1,000,000,000 bacteria
followed in 8 days by 1,500,000,000.

PERSONAL OBSERVATIONS.

The first set of cases with which we have had
experience consists in 31 cases treated at the
Mercy Hospital. The dosage used was 10,000,-
000 bacteria usually given subcutaneously at
intervals of several days. The number of doses
varied between one and six. We simply men-
tion these cases to emphasize the opinion that
no practical results were obtained by this small
dosage since the average duration of the disease
was 30 days, and cases which even received the
first dose on the second, third, and fourth days
showed no tendency towards a decrease in the
duration of the disease. The mortality in these
cases was 5, or 16.1%, but of course a percent-
age based upon such a small number of eases
is not reliable.

The next set of cases was treated during 1913
and consisted of about 60 cases. Doses begin-
ning with 50,000,000 with an increase to 100,-
000,000 and 250,000,000 at intervals of several
days were used. We regret that the record
cards relating to these cases have been lost but
the general impression of the physicians who
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examined these cases, however, was that the du-
ration of the disease was shortened in a fair
number of cases and that not a few showed
actual rapid decline of the temperature to nor-

mal after several of the doses had been given.
Our third series of 10 cases were treated in

1916 at the University Hospital by intravenous
injections of a sensitized typhoid vaccine made
from the Rawling's strain. Immune serum was

added to the vaccine until the agglutinins had
all been saturated by the immune serum. Of
these 10 cases six were treated before the tenth
day and were verified by blood cultures and the
Widal reaction. Four cases were treated after
the tenth day and showed only a positive Widal
test, the blood cultures being negative. In five
of the six early cases treated two injections
were given at intervals of about four days and
in three of these cases the disease seemed to
be aborted. In two other cases the temperature
gradually dropped to normal in about 18 days
and remained so. In the other early case only
one injection was given and the case followed
the regular typhoid course. Doses of 300,000,-
000 bacteria were given and the injection was

followed by a slight chill and a rise in temper-
ature of from 1 to iy2°, and no dangerous
symptoms were noted. In the four late cases
the Widal was positive but the blood culture
was negative and the vaccine did no harm but
no apparent benefit was derived from the treat-
ment.

A CURATIVE SERUM FOR TYPHOID FEVER.

Very little work has been done in attempting
to produce a curative serum for typhoid fever.
This method of treatment would be brought
about only by the production of a passive
immunity and not by any physiological action
produced by the injection of the live or dead
typhoid bacilli contained in the vaccines. The
immune bodies such as the agglutinins, the bae-
teriolysins and the opsonins are simply intro-
duced into the body by the injection of the
serum containing these substances. Chante-
messe45 produced a curative serum by injecting
horses with the endotoxin of the typhoid bacil-
lus, and he obtained a fatality of 3% in 168
cases as compared to that of 19% in the hos-
pitals of Paris. One of us (Stokes) and Ful-
ton40 prepared a curative serum by injecting
hogs with increasing doses of bouillon cultures
of the typhoid bacillus and produced a serum

with an agglutinative titer of 1-45.000. This

serum also protected guinea pigs against from
four to five times the minimum fatal dose of
the typhoid bacillus. Twenty-three cases were

treated in all stages of the disease with two
deaths, one resulting from otitis media and the
other from intestinal hemorrhage; 15 of the
other 21 cases seemed to show favorable results
from the use of the serum.

CONCLUSIONS.

The disease known as typhoid fever was de-
scribed by Hippocrates about 400 years B.C. as

a continued fever with diarrhea; offensive,
watery stools; bilious vomiting, tympanitis, ab-
dominal pain ; red rashes ; epistaxis ; sleepless-
ness; coma; delirium; subsultus; irregular re-

missions; a lengthened duration; and emacia-
tion. The disease has been known to medical
observers for about 2300 years, although dur-
ing the latter centuries it was confused with
typhus fever.

During all of this time the disease has been
accompanied by the inevitable, unavoidable,
preordained fatality of about 10%*, and not

one of the hundreds of remedies and treat-
ments proposed, used, forsaken, and forgotten
has changed this immutable figure.

It would appear from recent developments
that this fatal figure can be reduced by a spe-
cific and even, perhaps, by a non-specific treat-
ment.

This treatment should be studied in all of
its aspects and, if the risks can be reduced to
a minimum by the use of non-toxic substances
which are as efficacious as the cruder materials,
such materials should be used. The treatment
by a curative serum, both alone and in combina-
tion with the vaccine treatment, should also be
tried out.

Large numbers of cases should be treated by
the various methods, and each group should be
compared with the other groups and with a

group of untreated ones. These observations
* The fatality in typhoid fever of course varies according to the

age, season, station in life, and place of treatment, but Murchi-
son, in the "Continued Fevers of Great Britain," 1884, shows
thati the fatality in the London and French hospitals was respect-
ively 17.26% and 17.45%. Osier, in his "Principles and Practices
of Medicine," 1916, states that the fatality in 1500 cases in Johns
Hopkins Hospital was 9.1%,, but that it may vary in private
practice from 5% to 12%, and in hospital practice from 7% to
20%, the hospitals; probably receiving a larger percentage of the
more serious cases. Whipple, in "Typhoid Fever," 1908, states
than "when completo statistics are obtained the percentage fatality
in typhoid fever almost never exceeds 10%." From 1914 to 1918
inclusive, there were -9,119 cases of typhoid fever reported in the
State Department of Health from Man-land, exclusive of Baltimore,
ard 879 deaths, and Dr. ,F. V. Beitler, Chief of the Bureau of
Vital Statistics, believes that the registration of cases is practically
complete. The fatality varied between a maximum of 11.9 and
a minimum of 8.7, and the average fatality for- the period of S
years was 9.6%. This figure might be considered as fairly ac-

curate, since it represents all varieties of cases.
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should include the statistical study of the fatal-
ity, percentage of complications, relapses, and
unfavorable symptoms in the various groups,
and the height of fever and duration of fever.

Numerous observations should be made of the
appearance and concentration of the various
antibodies and ferments in the blood and lympn,
if possible, of the various groups in order to
understand the mechanism of the immunity pro-
duced and to ascertain the best mode of treat-
ment.
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WHAT IS INFLUENZA?
By Major George A. Soper, S.C., U.S.A., Washington,

D.C.,
Office of the Surgeon-General of the Army.

The pandemic has shown how little is known
of the cause and nature of influenza. If the
disease had appeared for the first time in hu-
man history it could scarcely have produced
greater confusion. If, instead of striking, as

it did, like an old enemy, and after flying its
warning signals for months before the attack,
it had come unheralded and for the first time,
it could scarcely have found the world less pre

pared for it. Nobody seemed to recognize the
disease or to know what to do—or what it was
useless to do—in order to stop it.

Now that the blow had been delivered it is
desirable to see what lessons can be learned
from it. It is necessary to be prepared for what
may still be in store for us. It is by no means

possible that we are done with the disease. It
seems to have disappeared for the present, but
it may return.

And there is still another and an equally good
reason for studying this pandemic. Information
gained in connection with the influenza may be
valuable in dealing with other respiratory in-
fections. It is unnecessary to say how useful
such facts promise to be when it is remembered
that respiratory diseases as a class constitute
the leading cause of death in most civilized
communities under normal conditions.

THE EPIDEMIC ASPECTS.

It is curious to observe how little that is
strictly accurate is known about the epidemic-
logical aspects of the disease which has just been
prevalent. There is even disagreement as to the
identity of what we call influenza. Where it
came from, why it struck when it did, as it
did, and even the force of the blow, are largely
matters of conjecture.

The records now available of many of the city
and camp epidemics included in the great out-
burst are so inaccurate as hardly to warrant a

scientific statistical discussion of them. The
records of the cases are inaccurate because of
uncertain diagnoses and lack of reliable re-

porting.
The cases which were complicated with pneu-

monia were reported more correctly than the
cases of influenza alone because the diagnosis
was more certain, the number smaller and the
disease more grave.

The records of death more nearly approach to
accuracy than do the records of cases either of
influenza or pneumonia. Rut even here the data
are not wholly reliable. During the period of
the pandemic, deaths were ascribed to influenza
or pneumonia which, under ordinary circum-
stances, would have been attributed to other
causes. And unless the consequences of this
pandemic differ from those of its predecessors,
many deaths largely attributable to influenza
will, for a long time, be reported by physicians
as due to other causes. This is likely to be the
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